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Def in i t i on  
emS2 + & S [ 1  i- ERF(S)] 
r a d  ius  
Boltzmann's cons tan t  
mass of molecule 
average speed of molecule 
most probable speed of molecule 
number dens i ty  of molecules 
ab s o l  u t  e temper a t u r  e 
free stream v e l o c i t y  
angle of a t t a c k  
speed r a t i o ,  U cos d V m  
length  of duct  
Clausing p robab i l i t y  f a c t o r  (transmiss ion probabi l i ty )  
number of molecules 
pres  s ure 
a r e a  of entrance o r i f i c e  
area of e x i t  o r i f i c e  
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TECHNICAL MEMORANDUM X-53838 
THE MOLECULAR KINETICS OF THE BAYARD-ALPERT AND 
MODIFIED REDJEAT VACUUM GAUGES USED ON 
EXPLORER XVI AND EXPLORER XXXII 
STJMMARY 
A Monte Carlo computer ana lys i s  of the i n t e r n a l  free-molecular-flow 
c h a r a c t e r i s t i c s  of the modified Redhead Magnetron and the Bayard-Alpert 
vacuum gauges used on Explorer X V I I  and Explorer X X X I I  s a t e l l i t e s  has 
been conducted. Although the transmission p r o b a b i l i t i e s  f o r  the gauges 
were determined f o r  a s impl i f ied  geometric configurat ion,  the r e s u l t s  
should be v a l i d  s ince  a s i m i l a r  approach t o  the  mass spectrometer gauge 
of the thermosphere probe used on sounding rockets  yielded very va l id  
r e s u l t s .  The e f f e c t s  of specular  r e f l e c t i o n s  from the  wal ls  were 
examined, and a simple time response model of the gauges was determined. 
I. INTRODUCTION 
The Explorer X V I I  and Explorer X X X I I  s a t e l l i t e s  were designed t o  
measure i n  s i t u  the neu t r a l  p a r t i c l e  dens i ty ,  composition, temperature, 
and the e l ec t ron  dens i ty  and temperature i n  the upper atmosphere. Among 
the sensors  on these s a t e l l i t e s  were Bayard-Alpert and Modified Redhead 
Magnetron Vacuum Gauges. These s a t e l l i t e s  , t h e i r  gauges, and r e s u l t s  
a r e  described i n  References 1 through 8. 
The n e u t r a l - p a r t i c l e  dens i ty  determined from the measurements of 
these  gauges d i f f e red  g r e a t l y  from the  dens i ty  as determined from the 
drag on the s a t e l l i t e .  Several  reasons f o r  t h i s  d i f fe rence  have been 
suggested. The o r i g i n a l  ana lys i s  of the response of these gauges con- 
s idered  the flow t o  be through an idea l  o r i f i c e  with the instrument 
cav i ty  represent ing the  volume behind the o r i f i c e .  This same approach 
t o  the  thermosphere-probe response led t o  a d i f fe rence  of near ly  20 per- 
cent  between the  t h e o r e t i c a l  and measured values .  Since a Monte Carlo 
ana lys i s  of the  thermosphere probe g r e a t l y  improved the ana lys i s  of the 
data ,  it was f e l t  t h a t  a similar ana lys i s  of the s a t e l l i t e  gauges might 
also improve t h e i r  ana lys i s .  Furthermore, i t  w a s  hoped t h a t  the gauge 
response c h a r a c t e r i s t i c  might y i e ld  some usefu l  information on the gas 
molecule-surface in t e rac t ions  which occur a t  o r b i t a l  v e l o c i t i e s .  This 
r epor t  descr ibes  the  Monte Carlo ana lys i s  of the system, and presents  
the r e s u l t s  of the ana lys i s .  
11. GEOMETRICAL CONFIGURATIONS USED FOR THE ANALYSIS 
A. Modified Redhead Gauge 
The modified Redhead gauges used on the Explorer X V I I  and X X X I I  
s a t e l l i t e s  were b a s i c a l l y  a cy l ind r i ca l  tube wi th  an I D  of 1 1 / 6  inches 
and a length  of 5 3/8 inches (see f igu re  33a). 
3/8-inch diameter w a s  connected t o  the inner  diameter by a s h o r t  conical  
sect ion.  The e lec t rodes  were 7/8-inch i n  diameter w i th  the f i r s t  e lec-  
t rode approximately 3 3/4 inches from the o r i f i c e  and the d is tance  
between the e lec t rodes  about 3/4 inch. It is  i n  the volume between the  
e lec t rodes  where the  discharge takes place and the ions counted. Follow- 
ing the thermosphere ana lys i s  , t h i s  geometry w a s  s impl i f ied  by el iminat-  
ing the  s h o r t  conical  s e c t i o n  of the tube; therefore ,  a l l  molecules 
en ter ing  the o r i f i c e ,  t ravers ing  the tube, and passing i n  the annular 
region between the wal ls  of the tube and the f i r s t  e lec t rode  were con- 
s idered t o  have reached the sens ing volume. 
An entrance o r i f i c e  of 
B. Bayard-Alpert Gauge 
The Bayard-Alpert gauges were cy l ind r i ca l  tubes,  5 318 inches long, 
wi th  a one-inch I D  and a 3/8-inch diameter o r i f i c e  connected t o  the inner 
diameter by a s h o r t  conica l  s ec t ion  (see f i g u r e  33b). The sensing volume 
i n  t h i s  gauge is  wi th in  the  coaxia l  co l l ec to r  g r i d  which begins about 
3 3/8 inches from the o r i f i c e .  Thus, molecules en ter ing  the o r i f i c e ,  
t ravers ing  the tube and crossing an imaginary plane a t  the end of the 
g r i d  s t r u c t u r e  were considered t o  have entered the sensing volume. 
Again the s h o r t  conical  s ec t ion  of the tube w a s  eliminated f o r  the 
computer ana lys i s .  
C. Limitat ions Due t o  Modified Geometry 
I n  the thermosphere probe ana lys i s ,  i t  w a s  noted t h a t  the ca lcu la ted  
t ransmission p r o b a b i l i t i e s  and subsequent response ca l cu la t ions  d i d  not 
agree w e l l  w i th  the f l i g h t  d a t a  a t  very high angles  of a t t ack .  This i s  
most l i k e l y  due t o  the e l imina t ion  of the s h o r t  conica l  s ec t ion  wi th in  the 
gauge f o r  ease of computation. For the s a t e l l i t e  speeds, t h i s  f ea tu re  
should cause even a l a r g e r  e r r o r  than t h a t  wi th  the sounding rocket  
probe. 
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111. COMPUTER RESULTS 
A. General Remarks 
A Monte Carlo ana lys i s  of the  two configurat ions considered w a s  
made f o r  angles of a t t a c k  of 0", 5" ,  l o " ,  15", 20", 25", 30" ,  45", . 60 " ,  
75", and 90".  Speed r a t i o s  of 2,  3 ,  4, 5,  6 ,  7 ,  8 ,  and 9 were considered 
wi th  an addi t iona l  speed r a t i o  of 7.5 f o r  the Bayard-Alpert gauge. Each 
molecule was  followed u n t i l  i t  exi ted the tube ( e i the r  back through the 
o r i f i c e  o r  i n t o  the sensing volume) o r  u n t i l  i t  made 350 c o l l i s i o n s .  
Very few molecules ( i . e . ,  = 0.05 percent)  underwent t h a t  many c o l l i s i o n s  
before  ex i t i ng .  
The transmission p robab i l i t y ,  K,  ( the p robab i l i t y  t h a t  a molecule 
en ter ing  the o r i f i c e  w i l l  pass through the  tube and en ter  the  sensor 
volume) is  required t o  r e l a t e  the  dens i ty  measured i n  the sensor volume 
t o  the  ambient dens i ty  through which the probe i s  passing. The equa- 
t i ons  f o r  t h i s  r e l a t ionsh ip  involving the transmission p robab i l i t y  a r e  
shown i n  Appendix A. K i s  a funct ion of the  geometry, the speed r a t i o ,  
the angle of a t t ack ,  and the  type of r e f l e c t i o n  a molecule makes a f t e r  
co l l i d ing  with the surface.  For vacuum systems where the  mass v e l o c i t y  
of the gas i s  s m a l l  i n  comparison w i t h  the  mean thermal speed of the 
molecules, d i f f u s e  r e f l e c t i o n s  a r e  assumed. A s  the mass v e l o c i t y  
increases ,  as  i n  a rocket  probe, t h i s  may not  be t rue .  Accordingly, a 
program w a s  w r i t t e n  s o  t h a t  the molecules could make some number of 
specular  c o l l i s i o n s ,  and, a f t e r  t h a t  number, the remaining c o l l i s i o n s ,  
u n t i l  they ex i t ed ,  were d i f fuse .  The nota t ion  used t o  i d e n t i f y  t h i s  
parameter i s  as follows: zero specular ,  meaning a l l  r e f l e c t i o n s  a r e  
d i f fuse ;  1 specular ,  meaning t h a t  the f i r s t  c o l l i s i o n  was specular  and 
a l l  subsequent d i f fuse ;  2 specular ,  meaning t h a t  the f i r s t  two c o l l i s i o n s  
were specular  and a l l  subsequent d i f fuse ,  e t c .  The r e s u l t s  of changing 
the parameter a r e  c l e a r l y  i d e n t i f i e d .  It i s  not  intended t o  suggest 
t h a t  the  above model i s  co r rec t .  It w a s  used only t o  examine the  
inf luence of such a model on the response of the  probe. 
I n  add i t ion  t o  transmission p robab i l i t y ,  some information can be 
obtained from the  program concerning the time of passage from the 
o r i f i c e  t o  the sensor.  This w a s  done by assuming t h a t  the molecules 
t rave led  a t  the r e l a t i v e  mass ve loc i ty  of the  probe u n t i l  they were 
d i f f u s e l y  r e f l e c t e d  from the w a l l s ,  a t  which time they t rave led  a t  a 
speed r ep resen ta t ive  of the temperature of the  probe. 
r e s u l t s  a r e  c e r t a i n l y  not  exact ,  they should poin t  out  any major time 
response problem i f  one ex is ted .  
While these 
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B. Transmission P robab i l i t i e s  f o r  the Redhead Gauge 
Tables 1 through 7 present  the transmission p r o b a b i l i t i e s  f o r  the 
modified Redhead gauge a t  var ious angles of a t t ack .  Also presented on 
each t ab le  is the  transmission p robab i l i t y  w i t h  no mass motion and the 
r a t i o  K(G,S,a) /K(G,O,O)  required f o r  r e l a t i n g  the measured pressure t o  
the ambient pressure as shown i n  Appendix A. Figures 1 through 7 show 
these  same transmission p r o b a b i l i t i e s  graphica l ly  and ind ica t e  the 
general  trend of the values  r a t h e r  than exact  graphica l  representa t ions .  
The general  trend of the da t a  seems t o  be q u i t e  cons is ten t  with the 
physical  system. For the  completely d i f fuse  r e f l e c t i o n  case,  the t rans-  
mission p robab i l i t y  genera l ly  increases  wi th  increasing speed r a t i o .  For 
specular  r e f l e c t i o n ,  the transmission p robab i l i t y  decreases with increas-  
ing speed r a t i o  a t  zero angle of a t t ack ,  bu t  increases  a t  the same angle 
of a t t ack .  Physical ly ,  the d a t a  show t h a t  when the  speed r a t i o  i s  la rge  
and the angle of a t t a c k  low, most of the molecules en ter ing  the o r i f i c e  
t raverse  the tube and h i t  the  f i r s t  e lectrode.  Those having a d i f fuse  
r e f l e c t i o n  a r e  r ed i s t r ibu ted  along the  tube w a l l s  more uniformly than 
those which a r e  specular ly  r e f l ec t ed  back toward the o r i f i c e  where t h e i r  
p robab i l i t y  of ex i t i ng  back t o  ambient conditions i s  much higher. Fig- 
ures  8 through 14 show the  t h e o r e t i c a l  pressure r a t i o  response, 
(Ps/Po)(To/Ts)1~2, as a funct ion of the  angle of a t t ack .  
C. Transmission P r o b a b i l i t i e s  f o r  the Bayard-Alpert Gauge 
Tables 8 through 16  present  the transmission p r o b a b i l i t i e s  f o r  the 
Bayard-Alpert gauge a t  var ious angles of a t tack .  Again, the transmission 
p robab i l i t y  f o r  no m a s s  motion i s  a l s o  presented and the r a t i o  K(G,S,a)/ 
K(G,O,O). Figures 15 through 23 present  the same data graphica l ly .  For 
t h i s  gauge, the number of specular  r e f l e c t i o n s  does not  inf luence the 
response of the gauge as s t rongly  as with the modified Redhead gauge. 
This is  due t o  the "open" geometry i n t o  the sensor volume where counting 
takes place.  
Figures 24 through 31 show the theo re t i ca l  pressure r a t i o  response, 
(Ps/Po)(To/Ts)1/2, as a funct ion of the  angle of a t t ack .  
D. Time Response 
Figure 32, which presents  the  typ ica l  time response d a t a  which were 
determined i n  the ana lys i s ,  shows the  time required f o r  the  t o t a l  number 
of p a r t i c l e s  t o  reach the sensor volume. Explorer XVII had a s p i n  period 
4 
of about .67 second and Explorer XXXII about two seconds. When the 
minimum angle of a t t a c k  during a tumble cycle was  0" f o r  Explorer X V I I ,  
it would take about 1.9 mil l iseconds t o  sweep an angle of 1". 
shows t h a t  i t  requi res  about 140 mil l iseconds f o r  the t o t a l  number t o  
reach the  sensor  volume. Thus, the group of molecules en ter ing  the  gauge 
when the  angle of a t t a c k  is  zero w i l l  not  be completely counted u n t i l  the  
s a t e l l i t e  has spun through an angle of near ly  75 degrees. 
XXXII, the  angle is l e s s ,  about 25 degrees. I n  e i t h e r  case,  t h i s  time 
delay could be a major problem i n  ana lys i s  of the data. 
Figure 32 
For Explorer 
I V .  DISCUSSION 
The ana lys i s  of the  molecular k i n e t i c s  w i th in  the modified Redhead 
gauge and the Bayard-Alpert gauge revea ls  t h a t  the i n i t i a l  gas-surface- 
i n t e r a c t i o n  model g r e a t l y  inf luences the response of the gauge. While 
the t ransmission p r o b a b i l i t i e s  vary g r e a t l y  w i t h  angle of a t t a c k  f o r  a l l  
speed r a t i o s ,  the  pressure r a t i o  response funct ion,  (Ps/Po) (TO/Ts)l/*, i s  
s i g n i f i c a n t l y  a f fec ted  only a t  the higher speed r a t i o s ,  i . e . ,  S > 5 .  This 
e f f e c t  i s  manifested more i n  the modified Redhead gauge than i n  the 
Bayard-Alpert gauge due, most l i k e l y ,  t o  the  more complex geometry of the 
former gauge. Since the speed r a t i o  f o r  the  s a t e l l i t e s  i s  usual ly  g r e a t e r  
than 5, f l i g h t  data i n  the  Redhead gauge might ind ica te  which gas-surface 
i n t e r a c t i o n  model most near ly  pred ic t s  the  ac tua l  response. However, the 
time response c h a r a c t e r i s t i c s  of the gauges coupled with the sp in  r a t e  of 
the s a t e l l i t e  may lead t o  an in t eg ra t ing  type of response which w i l l  mask 
the t h e o r e t i c a l l y  predicted s t r u c t u r e .  A preliminary study indicated 
t h a t  t h i s  was the  case,  and a more exhaustive ana lys i s  i s  i n  process. 
5 
__. __ 
t R A N S M I S S I O N  P H O B 4 B I L I T l E S  FOR THk VACUUM 
GAUGES ON THE EXPLORER X V I I  AND EXPLORER X X X I I  
A E R O h O M Y  S A T E L L I T E S  
_- 
SPEEf H A T 1 0  = 2.0 K ( G 1 3 r 0 )  = - 5 2 3  - - - - - 
REDHEAD GAUGE 
NO SFECULAR REFLECTIONS __-___ . 
A N G C W A T T A C k  K ( G , S t A )  K ( G I S . A ) / K ( G i U t O )  
0 , 5 7 1 0  1 . 0 9 1 8  
. 5 6 2 4  
.5538 
,5518 
. 5 4 3 9  
,5383 
.5311 
. 5 1 5 2  
.5037 
75 . 4 8 3 1  
9 0  ,5022 
--I--- 
1 . 0 7 5 3  
1 , 0 5 8 9  
1 0 5 5 1  
1 0 4 0 0  
1 . 0 2 9 3  
l.OS.55 
, 9 8 5 1  
, 9 6 3 1  
, 9 2 3 7  
, 9 6 0 2  









, 6 4 0 0  
. 6 2 7 3  
, 6 2 9 0  
. 6 3 3 6  
. 6 1 6 4  
, 6 0 7 2  
. 6 0 5 8  
, 5 6 9 1  
. 5 5 2 0  
,5305 
5 1 7 2  
1 . 2 2 3 7  
1 , 1 9 9 4  
1 . 2 0 2 7  
1.2115 
1 . 1 6 1 0  
1 1583 
1.0881 
1 , 0 5 5 4  
1.OI43 
, 9 8 8 9  
1 1 7 8 6  
_ .  
TWO SPECULAR REFL f C  1 I O N S  
A CP K ( G , S , A )  K ( G ~ S ~ A ) / K ( G ~ ~ ~ O )  
n -  
5 
Tii . 
- . 6 2 1 5  
. 6 1 4 l  
. 6 2 7 5  
, 6 2 3 2  
. 6 2 2 3  
. 6 2 8 8  
. 6 2 5 7  
, 6 0 6 1  
. 5 9 3 6  
. 5 6 9 8  
. 5 5 0 6  
1 ,1883 
1 , 1 7 4 2  
1 , 1 9 9 8  
1 , 1 9 1 6  
1 I 1 8 9 9  
1 . 2 0 2 3  
1 1 5 6 4  
1 1589 
1.1350 
1 , 0 8 9 5  
1 0 5 2 8  
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T A B L E  2 
T t2ANSMISSIOM P R O B A B I L I T I E S  FOR THE VACUUM. 
GAUGES O N  THE EXPLORER X V I I  AND EXPLORER X X X I I  
A E R ( i h O M Y  S A T E L L  I TES _ _  . 
0 
5 
1 9  
1 5  
211 
25 
J n  
4 5  
6 0  













l, 1,1579 1325 
1.11.47 







, 9 5 0 1  
__ .. . .. . . . .- 
.. . . . . 
.h5,53 
.6545 









T W O  SPECULAR R E F L E C r I O N S  




, 6 4 1 1  














1 0 2 4 5  
,9918 
,9784 
K ( G I S , A ) / K ( G I O , O )  
1 ,1723 
1 I l Y l O  
1 , 1 3 7 9  
1 ,2 ( I  63 
1 2258 








T R A N S M I S S I O N  P R O B A B I L I T I E S  FOR THE VACUUM 
GAUGES ON THE EXPLORER X V I I  AND EXPLORER X X X I I  
AEROhOMY S A T E L L I T E S  
SPEEI: R A T I O  = 4,0 K ( G s O p 0 )  = ,523 
REDHEAD GAUGE 
NO SFECULAR R E F L E C T I O N S  
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1 , 2 1 1 7  
1.1772 
1 ,1694 
I * 1 2 1 2  
1 e 0663 
1 e 0359 
1 e 0268 




ONE SPECULAR R E F L E C T I O N  
















- TWO SPECULAR R E F L E C T I O N S  
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1 I 2468 
1 .2189 






1 1 5 7 6  
1 I 1 8 2 6  
1 .2004 
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T R A N S M I S S I O N  P R O B A B I L I T I E S  FOR IH-E VACUUM 
GAUGES ON THE EXPLORER X V I I  AND EXPLORER X X X f I  
AEROhOMY S A T E L L I T E S  __ ~ 
. . - 
SPEEC R A T I O  = 5.0 K ( G I O , O )  = ,523 
REDHEAD GAUGE . 























ONE SPECULAR R E F L E C T I O N  
ANGLE OF ATTACK K ( G ) S , A )  
rl 
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TWO SPECULAR R E F L E C T I O N S  























1 , 2 3 3 1  
1.2120 
 - ____ ._ . .- 
L 9834 
,9440 
. -.L93&2.- I__- 
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__ __ ._ __ 
TRANSMISSIO6J- P R O E A e f c I T I E S  F O R - T H K  VACUUM 
GAUGES ON THE EXPLORER -_ X-V I 1  A_ND_ EXPLORER-X.XJ.1 I-. - - 
AEmKOFv--SATELL I TES 
5 ... - 6535 . -. .- 1 a 2495 
1 0  .6281  1,2010 
.6165 l , l Z 8 8 _  - -  - I_-- 15 
20 ,6487 1,2403 
25 ,6681  1.2274- _ _ _ _  
30 ,6867 1,3230 
45 ______ .- - .6242 _ _  1 .-l Q35- . _  
60 ,5582 1.0673 
75 _ _  - 5134 _. __ .__ ,9116 - . - - _. 
90 ,4917 , 9402 
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GAUGES ON THE EXPLORER X V I I  AND EXPLORER X X X l I  
___.- ,a 7ai---- 1,2826 
~ - o ~  5 
1 a 2625 
1,2417 
15--_ - - - ,5898 .__I- 1,1277 
20 ,5613 1,0732 
25 5363 1,0254 
30 ,5263 1,0063 
- 45 - - . - - . - .5040 __ -- - - ,9637 
60 .4999 ,9§58 
75 - .!_957_ ,9470 
____ _- 
0 
___., -.- - -. ,6603 -  494 
-- - . . - - - .- - - _. - ._ - -- - 
90 .5019 ,9697 
..- - .~ ~ . . . . . . ... . . . . . .... . - 
ONE SPECULAR R E F L E C T I O N  ____ . _ _  -- --__---___ 
K ( G , S , A ) / K ( G S O S O )  I_ ANGLE OF ATTACK K ( G , S p A )  




__ - - - ___I 25 - - - ___ - - .6839 __ 1.3076 
30 .6812 1,3025 
_ . . .  . - 45 _. _. _ _  - ,6333 1.2509 
60 ,5651 1 0816 
-75- . - ,508-8 9338 
90 ,4876 ,9323 
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T R A N S M I S S I O N  P R O B A B I L I T I E S  FOR THE VACUUM 
GAUGES ON THE EXPLORER X V I I  AND EXPLORER X X X I I  
AEROkOMY S A T E L L I T E S  . I____. 
-- 0 ,6682 1,2776 
5 ,6692 1,2795 
15 .5904 1,1289 
25 .5281 l.OU98 
10 - ,6398 _____ 1,2233 _I 
20 ___--.- ,5601 1,0309 
30 ,5309 1,0&51 _. . - 
45 ,4989 ,9539 
60 ~ ,5058 ___-__--------- ,9671 
75 .4930 ,9426 
90 ,5069 .9692 . 
_______. 
ONE SPECULAR R E F L E C T I O N  
ANGLE O F  ATTACK RTGYn)-- K ( G ,  s, A / K  ( G ,  o,O'Y--- 
I____. - 
0 -.--'.16129 l,lX19 
10 .6853 i 3103 
5 ,6465 I. 2361 
1,2918 15 ,6756 
20 .6738 1.2883 
25 .6731 1,2870 - 
30 6345 1 , 23132 
45 ,5637 1 0778 
60 ,5323 1 , 0178 
75 5022 ,9402 
90 .5021 ,9600 
TWO &SPECULAR R E F L E C T I O N S  -. 
0 .5661 1.0824 
5 .5656 1 , 0815 
10 , 5 8 0 1  I. 1093 
15 .6049 1,1B66 
20 ,6574 1.2670 --_ - 
25 .6931 1,3252 
30 6844 - - L 3 0 8 6  ___ ____ 
45 ,6379 1 , 2189 
60 ,5853 I. 1191 ___I 
75 ,5084 ,9721 
90 .4974 _______ __ _-.A __-- 9511 ____ ____._-- - 
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TRANSMISSION PROBABILITIES FOR-% 
GAUGES ON THE EXPLORER X V l l  AND-E-XE 
AEROhOMY S A T E L L I T E S  












25 .7280 - - ___ 1 q 0612 
30 .7010 1 * 0219 
45 ,6800 - . _- .,9913 
60 ,6690 ,9252 
75 ,6660 . .... - .-,9708 
90 ,6560 9563 
ONE SPECULAR REFLECT ION 
K ~ Q , S ~ A ) / K C Q ~ O , O )  ANGLE OF ATTACK K ( G , S , A )  
0 _ _  8570 1 ,2493 
5 ,8610-  1 2551  
1 0  855 0 . .- 1 * 2964 
1 5  ,8490 1 , 2 3 7 6  
,8100 . . 
.7650 
.a370 . . . __ - -_ - 1 . 2 2 0 1  
.a240 1 I 2012 
1 1808 













. .- . 
,8830 1 2872 
, 8 8 0 l  --. -- 1 ,2829  
8811 1 2044 
,8690 
.a620 . 1.2566 
8569 1 2978 
,8770 - 
13 
- TABLE 9 
T R A N S M I S S I O N  P R O B A B I L I T I E S  FOR THE VACUUM 
GAUGES ON THE EXPLORER X V I I  AND EXPLORER X X X I I  
AEROhOMY S A T E L L I T E S  
_. - - 
_I__.__ . . 
.. . 
SPEET: R A T I O  = 3.0 K ( G s 0 , O )  = -686 
BAYARD-ALPERT GAUGE 
NO SFECULAR R E F L E C T I O N S  
_- . __- . 
_ -  










































1. I 0496 
,9985 
,9840 
TWO SPECULAR R E F L E C T I O N S  





































-TABLE i o  - -  
TRANSMISSION P R O B A B I L I T I E S  FOR THE VACUUM 
GAUGES ON THE EXPLORER X V r l  A N D x @ c o @ R  X X X f l  
AEROkOMY S A T E L L I T E S  
- - 
SPEEI: R A T 1 0  = 4 . 0  
BAYAED-ALPERT GAUGE 


























1 e 1720 
1,1341 
. . . .--- -__ 
1 0845 - -  
1 , 0-452 
1 e 0277 
. 
- . I ,9650 .~-2 
, 9781 . - 
. -  
- _.__ 






















.9120 P ; 32-F- 
1,3626 
,9180 1,3382 
9210 - - - 
1,3090 ,8980 
.8860 1 e 2915 
- 1,2595 - - - ,8640 
.8360 1,2187 
_ _  ...I_. __-- 





- . . - __ - -- --- 
1,3324 
1 ,3 3 0-9 .9130 
.9120 _ -  1,3294 -_-..I__ 
.9090 1,3251 





- 1 * 3324 I_--- 
1,3222 
1,2128 
1 ? 3334 
.7600 .. _ _  
.7030 
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__ -__ _- AfROROMY - - -  S A T E L L I T E S  _. 
_ _  _- - -  
SPEEI: R A T € O  = 5.0 K ( G , O , O ) -  = .686 
BAYARD-ALPERT GAUGE 




ANGLE OF ATTACK K ( G , S , A )  K ( G , S ~ A ) / K ( G , O I O )  
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- 5  .a580 1,2507 
10 .a220 1,1983 
1-5 ,7820 1,1399 
20 ,7400 1.0787 
- 25 ,7150 1 I 0423 
30 ,7060 1,0292 
- 3 5  ,6700 ,9767 
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- 7 5  ,6560 9563 
90 ,6680 9738 
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__ _ -  
ONE SPECULAR R E F L E C T I O N  ~ - - _ _ _  
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AEROKOMY S A T E L L I ' I E S  
.. - 
S P E E C  R A T I O  = 7.0 K ( G I O , O )  = ,686 
B A Y A R D - A L P E R T  GAUGE 
. -  
N O  S P E C U L A R  R E F L E C T I O N S  _ _  ._ 
A N G L E  OF A T T A C K  K ( G , S , A )  K ( Q , S , A ) / K ( G n O n O )  
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O N E  S P E C U L A R  R E F L E C T I O N  _- 
--ANGLCSl OF A T T A C K  K ( G , S , A )  K ( O , S * A ) / K ( G n O , D )  
0 
5 
1 0  
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TABLE 1 4  
T R A N S M I S S I O N  P R O B A B I L I T I E S  FOR THE VACUUM - .. 
GAUGES ON THE EXPLORER X V I I  AND EXPLORER X X X l I  
AEROhOMY S A T E L L I T E S  
SPEEC R A T I O  = 7.5 K ( G D O ~ O )  = ,686 
BAYARD-ALPERT GAUGE .. __ 
-. __ -. NO SFECULAR R E F L E C T I O N S  


























1 * 2391 
1 I 1831 
1,0918 
1.0554 





- -. - I -. 
ONE SPECULAR R E F L E C T I O N  
_ _  _- -- 



























1 , 3294 
1 , 2915 
1,2434 




TWO SPECULAR R E F L E C T I O N S  












. .  
49170 
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1,3280 . ___ 
1,3828 
1,3484 _ _  
1 , 2289 
1.1006 . _ _ _  
9942 
,8950 __ ___ 
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. -  - AEROhOMY S A T E L L I T E S  
SPEEC R A T I O  = 8.0 K ( G i Q 0 0 )  = ,686 
BAYAFiD-ALPERT GAUGE 























ONE SPECULAR R E F L E C r I O h  























... T N O ~ S P E C U L A R  R E F L E C T I O N S  
















































fAR1.E 16- 3 
T R A N S M I S S I O N  P R O B A B I L I T I E S  FOR THE V A C U U M  - 
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Figure 33a. Sketch of the i'iodif ied Redhead Gauge Configuration 
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APPENDIX 
Response of A Probe i n  Free Molecule Flow 
The response of a probe i n  f r e e  molecule flow i s  e a s i l y  shown i n  
the  following manner. Consider a cy l ind r i ca l  tube wi th  an o r i f i c e  
(area A,) a t  one end opening t o  the atmosphere and another o r i f i c e  
(area Ai) a t  the o ther  end, opening t o  a sensor  volume. The number of 
molecules which en te r  the o r i f i c e  (Ao), which pass through the  tube,  
and which e x i t  the tube a t  the o ther  o r i f i c e  ( A i )  is given by 
where 
= number of molecules en ter ing  the  sensor volume 
= number dens i ty  of the ambient gas 
= average speed of the ambient gas molecule 




k = Boltzmann's constant  
nt = mass of a molecule 
= temperature of the ambient gas 
TO 
2 
F(S) = e-' +&S[1 + ERF(S)] 
S = speed r a t i o  = U cos a / V m  
U =mass v e l o c i t y  of the probe r e l a t i v e  t o  the  gas 
Vm 
a = angle between the  normal t o  the o r i f i c e  and the  v e l o c i t y  
= most probable speed of ambient molecules 
vec to r  
Ko(G,S,a) = Clausing p robab i l i t y  f a c t o r  i n  the  d i r e c t i o n  from 
A, t o  A i  
G = dummy va r i ab le  t o  ind ica t e  geometry e f f e c t s .  
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The number of molecules i n  the  sensor volume which leave t h a t  volume 
through the  o r i f i c e  (Ai) and r e t u r n  t o  the atmosphere is given by 
NsQs = 4 AiKi(G,O, O), 'out 
where 
= number of molecules leaving the  sensor volume 
= number dens i ty  of the gas i n  the sensor volume 





Ts = temperature of the gas i n  the  sensor volume 
Ki(G,O,O) = Clausing p robab i l i t y  func t ion  f o r  the d i r e c t i o n  
from Ai through A,. 




N ?  0 0  NsVs - 4 F(S) AoKo(G,S,a) = 4 AiKi(G,O,O). 










or, i n  terms of pressure, since N = Pj/kT 
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